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MONO-DIAMETER WELLBORE CASING 
This invention relates generally to a v^llbore casing, and in particular to a tubular 
structure formed using expandable tubing. 

5 

Background of the Invention 
Conventionally, when a wellbore is created, a number of casings are Installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or inflow of fluid from the fbm«tion into the borehole 
The borehole is drilled in intervals whereby a casing which is to be installed In a lower 
10 borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper inten«l. Thus, the casings are in a 
nested embodiment with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings fix>m the borehole wall. As a consequence of this nested embodiment 
a relabvely large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings 
Moreover, increased drilling rig time is involved due to required cement pumping 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of ' 
the existing procedures for forming new sections of casing in a wellbore. 

Summary of ttie Invention 
According to the present inventfon there is provided a tubular stnicture positioned 
•n a borehole within a subterranean fomiation. comprising: 
a first tubular member; and 

a second tubular member coupled to and overiapping with the first tubular 
30 member; 

wherein the second tubular member Is coupled to the first tubular member by the 

processor: ^ 

installing the second tubular member, an expansion cone, and a shoe that 
defines an interior region for containing fluidfc materials in the borehole: 
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radially expanding at least a portion of the shoe by injecting a fluidic material into 

• the interior region of the shoe; and 
. . radially expanding at least a portion of the second tubular member by injecting a 

• ' fluidic material into the twrehole below the expansion cone. 
5 . Preferably, the process further comprises radially expanding the expansion cone. 
Preferably, the process further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 

radially expanding the expansion cone. 

Preferably, the process further comprises: 
10 radially expanding at least a portion of the shoe and the second tubular member 

by injecUng a fluidic material into the borehole below the radially expanded expansion 
cone. 

Preferably, the process further comprises: 

injecting a hardenable fluidic sealing material into an annulus between the 
1 5 second tubular member and the borehole. 

Preferably, the process further comprises radially expanding at least a portion of 

the first tubular member. 

Preferably, the process further comprises: 

overlapplrig a portion of the radially expanded second tubular member with a 
20 portion of the first tubular member. 

Preferably, the inside diameter of the radially expanded second tubular member 
is substantially equal to the inside diameter of a nonoverlapping portion of the first 

tubular memt>er. 

Preferably, the process further comprises applying an axial force to the 

25 expansion cone. 

Preferably, the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded second tubular 
member. 

Brief Description of the Drawings 
30 FIG. 1 is a fragmentary cross-secUonal view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a nwno^liameler wellbore casing within the 
new section of the well borehole of FIG. 1. 
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FIG. 2a Is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

5 FIG. 2cls a cross-sectlonal view of another portion of the shoe of the apparatus 

of FIG. 2. 

FIG. 2d is a cross-sectional view of another porUon of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of the shoe of the apparatus of 
10 FIG. 2c. 
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FIG. 3 Is a fragmentary cross-sectional view illustrating the injection of i 
hardenable fluidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portfon of the shoe of the apparatus of 

15 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragmentary cross-sectional view illustrating the Injection of a fluidic 
material into the apparatus of FIG. 3 In order to fluididy isolate the interior of the shoe. 
20 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-secUonal view iHustrating the radial expansion of the shoe of 

25 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view Ulustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
30 FIG. 8 is a cross-sectional view illustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sectional view illustrating the completion of the radial 
expansionof the expandable tubular member of the apparatus of FIG. 8. 



: 7. FIG. 10 is a cross-sectional view illustrating the removal of the bottom portion of 

the iadially expanded shoe of the apparatus of FIG. 9. 

.. FIG 11 is a cross-secUonal view illustrating the fom^ation of a mono<l.ameter 

: : wellbore casing that includes a plurality of overlapping monoKliameter wellbore 

5 casings. , ♦ 

FIQ I2isafta9menta.y<«»s.seclionalvtewilluslratlngtheplacementofan 

altemauve eml»dlm«* of an apparatus for creatrng a nnon<«iiameter wellbore cas.ng 

within the wellbore of FIG. 1. 

FIG. 12a is a cross-sectional view of a portion of the shoe of the apparatus of 

10 FIG. 12^^^ ^^ ^^^ ^^5.3ectional view of a portion of the shoe of the apparatus of 

FIG. 12. ^ 

FIG. 12c Is a cross-sectional view of another portion of the shoe of the 
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apparatus of FIG. 12. 

FIG. 12d is a cross-sectional view of another portion of the shoe of We 



apparatus of FIG. 12. 

FIG 13 is a fragmenta.7 cross-sectional view illustrating the injectton of a 
hardenable fluidic sealing material through the apparatus and into the nev. section of 

the well borehole of FIG. 1 2. 
20 FIG. 13a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIO 13 

FIG 14 is a fragmentary cross-sectional view illustrating the injection of a fluidic 
material into the apparatus of FIG. 13 in order to fluididy isolate the Interior of the shoe. 
FIG. 14a Is a cross-sectional view of a portion of the shoe of the apparatus of 

25 FIG. 14. u «f 

FIG. 15 is a cross-sectional view illustrating the radial expansion of the shoe of 

FIG. 16 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 15. 
30 FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 

expansion cone of the apparatus of FIG. 16. 

FIG. 18 is a cross-sectional view illustrating the injection of fluidic material into 
the radially expanded shoe of the apparatus of FIG. 17. 
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FIG. 19 is a cross-sectional view Illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-sectional view Illustrating the removal of the bottom portion of 
the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Referring initially to FIGS. 1. 2. 2a. 2b. 2c. 2d, 2e. 3. 3a. 3b. 4. 4a. 4b. and 5- 
10. an embodiment of an apparatus and method for fomiing a mono^Jiameter wellbore 
casing within a subten-anean formation will now be described. As illustrated in Fig. 1. a 
wellbore 100 Is positioned in a subterranean formation 105. The wellbore 100 Includes 
a preexisting cased section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluldic sealing material such as. for example, cement. The wellbore 100 
may be positioned in any orientation from vertical to horizontal. In several alternative 
embodiments, the pre-existing cased section 1 1 0 does not include the annular outer 
layer 120. 

In order to extend the wellbore 100 Into the subterranean formation 105, a drill 
string 125 is used in a well Icnown manner to drill out material from the subterranean 
fonnation 105 to form a new wellbore section 130. In a preferred embodiment, the 
inside diameter of the new wellbore section 130 is greater than the inside diameter of 
the preexisting wellbore casing 115. 

As illustrated in FIGS. 2. 2a. 2b. 2c, 2d. and 2e. an apparatus 200 for fbmiing a 
wellbore casing in a subterranean fonnation is tiien positioned in ttie new section 130 
of ttie wellbore 1 00. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 
portion 210a. an intermediate portion 210b. an upper portion 210c, and an upper end 
25 portion 21 Od. 

The expansion cone 205 may be any number of conventional commercially 
available expansion cones. In several alternative embodiments, tiie expansion cone 
205 may be controllably expandable in the radial direction, for example, as disclosed in 
U.S. patent nos. 5.348.095. and/or 6.012,523. 

The tubular member 210 may be fabricated from any number of conventional 
commercially available materials such as. for example. Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic bjblng/casing. In a preferred 
embodiment, the tubular member 210 is febricated from OCTG in order to maximize 
strength after expansion. In several alternative embodiments. Uie tubular member 210 
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™, be sdW ^« swed. For typical tubular memt«r 210 matarials, the length <rf 
th. tubular rfsn^er 2tO 1. preferably limited to between about 12.2 to 6.096 m (40 to 
20.000 feet) in length. 

The tower portion 210a of the tubular member 210 preferably has a larger 
5 inside diameter than the upper portion 210C of the tubular member. In a preferred 
embodiment, the wall thickness of the intem^ediate portion 21 Ob of the tubular member 
201 is less than the wall thickness of the upper portion 210c of the tubular member .n 
order to facilitate the initiation of the radial expansion process. In a prefen-ed 
embodiment, the upper end portion 210d of the tubular member 210 is slotted. 
10 perforated, or othen^e modrfied to catch or slow down the expansion cone 205 when 
. it completes the extrusion of tubular member 210. In a preferred embodiment, wall 
thickness of the upper end portion 210d of the tubular member 210 is gradually tapered 
in order to gradually reduce the required radial expansion forces during the latter 
stages of the radial expansion process. In this manner, shock loading conditions 
15 during the latter stages of the radial expansion process are at least minimized. 

A shoe 215 is coupled to the lower portion 210a of the tubular member. The 
shoe 215 includes an upper portion 215a. an intemiediate portion 215b. and lower 
portion 215c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug dart, or other similar element for controllably sealing the fluid passage 220. In 
20 this minner. the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements Into the fluid passage 220. 

The upper and lower portions. 215a and 215c. of the shoe 215 are preferably 
substantially tubular, and the intemiediate portion 215b of the shoe is preferably at 
least partially folded Inwardly. Furthemiore. in a preferred embodiment, when the 
25 intemiediate portion 215b of the shoe 215 is unfolded by the application of fluKl 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intemiediate portfon are preferably both greater than the inside and outside diameters 
of the upper and lower portions. 215a and 21 5c. In this manner, the outer 
circumference of the intemiediate portion 215b of the shoe 215 Is preferably greater 
30 than the outside circumferences of the upper and lower portions. 21 5a and 215b. of the 
shoe. 

In a preferred embodiment, the shoe 21 5 further includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 220. In this 
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;: m the shoe 215 optimally injects hardenable fluidic sealing material into the 
. . : . .iregton outside the shoe 215 and tubular member 210. 
' • in an alternative embodiment, the flow passage 220 is omitted. 

A support meml)er 225 having fluid passages 225a and 225b is coupled to the 
5 expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
. preferably fluididy coupled to the fluid passage 205a. In this manner, fluidic materials 
may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bottom of the shoe 215. The fluid passage 225b Is preferably fluididy coupled to 
• the fluid passage 225a and includes a conventional control valve. In this manner. 
1 0 during placement of the apparatus 200 within the weilbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a preferred erhbodiment. the support member 
225 further includes one or more conventional centralizers (not iilustraied) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the weilbore 100, the fluid 
15 passage 225a is preferably selected to transport materials such as. for example, drilling 
mud or fomnation fluids at flow rates and pressures ranging from about 0 to 11356.24 
litres/minute and 0 to 620.528 bar (0 to 3.000 gallons/minute and 0 to 9.o6o psi) In 
order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the weilbore 1 30 which could cause a loss of weilbore fluids and 
20 lead to hole collapse. During placement of the apparatus 200 within the weilbore 100. 
the fluid passage 225b is preferably selected to convey fluidic materials at flow rates 
and pressures ranging from about 0 to 1 1356.24 litresAninute and 0 to 620.528 bar (0 
to 3.000 gallons/minute and 0 to 9.000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the weilbore 100 and to 
25 minimize surge pressures on the new weilbore section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior regton of the tubular 
member 21 0 adjacent to the expansion cone 205. The cup seal 235 may be any 
number of conventional commercially available cup seals such as. for example. TP 
cups, or Selective Injection Packer (SIP) cups nxxJified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 Is a 
SIP cup seal, available from Halliburton Energy Services in Dallas. TX in order to 
optimally block foreign material and contain a body of lubricant. In several alternative 
embodiments, the cup seal 235 may include a plurality of cup seals. 
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One or more sealing members 240 are preferably coupled to and supported by 
the exterior surface of the upper end portion 210d of the tubular member 210. The 
sealing members 240 preferably provide an overlapping joint between the lower end 
portion 1 1 5a of the casing 1 1 5 and the upper end portion 210d of the tubular member 
21 0. The sealing members 240 may be any number of conventional commercially 
available seals such as. for example, lead, mbber. Teflon^'^> . or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred embodiment, 
the sealing members 240 are molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas. TX in order to optimally provide a load bearing interference 
fit between the upper end portton 210d of the tubular member 210 and the lower end 
portion 1 1 5a of the existing casing 115. 

In a preferred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the sealing members 240 ranges from about 0.478803 to 478.803 bar 
(1 .000 to 1 ,000,000 Ibf) in order to optimally support the expanded tubular member 
210. 

In an alternative embodiment, the sealing members 240 are omitted from the 
upper end portion 21 Od of the tubular member 210, and a load bearing metal-to^netal 
interference fit Is provided between upper end portion of the tubular member and the 
lower end portion 1 1 5a of the existing casing 115 by plastically deforming and radially 
expanding the tubular member into contact mXh the existing casing. 

In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. In 
this manner, the extrusion of the tubular member 210 off of the expansion cone 205 Is 
facilitated. The lubricant 245 may be any number of conventional commercially 
availabte lubricants such as. for example. Lubriplate<^» . chlorine based lubricants, oil 
based lubricants or Climax 1500 Antisieze (3100). In a prefemed embodiment, the 
lubricant 245 is Climax 1500 Antisieze (3100) available from Qimax Lubricants and 
Equipment Co. in Houston. TX in order to optimally provide optimum lubrication to 
facilitate the expansion process. 

In a prefen-ed embodiment, the support member 225 is thoroughly cleaned prior 
to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material into the apparatus 200 Is minimized. This minimizes the 
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P<^ibility of foreign material dogging the various flow passages and valves of the 
apparatus 200. 

^ '"«P«fe^edembodiment.beforBorafterpositioningtheapparatus200within 
the new section 130 of the wenbore 100. a couple of wellbore volumes are circulated in 
order to ensure that no foreign materials are located within the wellbore 100 that might 
: clog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

As illustrated in FIGS. 2 and 2e. in a prefenred embodiment, during placement 
Of ^ apparatus 200 within the wellbore 100. fluldic materials 250 within the wellbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a. 225a. and 225b. In this n^nner. surge pressures created by the 
piacementoftheapparatuswithinthewenbofB iOOare reduced 

As Illustrated in FIGS. 3. 3a. and 3b. the fluid passage 225b is then closed and 
a hardenable fluidic seafing material 255 is then pumped from a surface location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 21 5 below the expansion cone 

^5. ;niematerial255thenpassesfromtheintenoPreglon230intothefluidpassage 
220. The material 255 then exits the apparatus 200 and fills an annular region 260 

0 Of e wellbore 100. Con«nued pump^g of the material 255 causes the material to 
rai up al least a portion of the annular region 260. 

The natertal 255 Is pnsleral,^ popped into Ihe annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 344.738 bar and 0 to 56 18 12 
at?d '"'^'^'^'""'^^'^y "actively. T^eopU.un; now 
rate operalig pressures ,a,y as a function of the casing and weni>ore sizes 

™l:r ^ ---^es Of the fluidic 

Ttel T'^- ^°^™**'^»-«Pe.a«ng pressu™a» preferably 
delennined using convenlional empirical methods. 

The hamenabte HuWicseallng mal«ial 2S5 may be any number of conventional 
~al, avai^ hanhnabl, fiuidfc seal^ ^^,13 such as. t^ example sTao 

malenal 255 ,s a blended cement prepared specifically for the particular well section 
be.g nited t™, Halliburton E^rgy Se^ees h Dal^ TX in order to pJi^Humal 
support for tubu^r number 210 «e a^ optimum flow Z^ZTl 



The optimun Of the blended cement Is preferably detemtined using ooovenfonal 
Z^lthods. in several aUen,e..e er^odln^nts, me .a-der^b., «uidlc sealin, 
material 255 is compressible before, during, or after cunnfl. 

; ann^ar regton 260 preferably Is Med with the material 255 ,n suffiaent 

.^anti^es to e,«u,e tha. upon radial expansion of the U,bu,ar n«,.ber 21 0. the annular 

region 260 Of the new sedion 130 of the wellbo-e 100 will be filled with the material 

in an al.ema«ve e,,*odiment, the injection of the material 255 into the annular 
0 region 260 IS 0^ or IS provided after me radial expansion of the tubular member 
210 

As .lustrated in FIGS. 4. 4a, and 4b. once me annular region 260 has been 

adeq^l, f-led * me matertal 255. a plug 265. or omer similar device, is intr^uced 
k«o me lluki passage 220. thereby flukiiclyisolaung the interior region ZJOfromm^^^^ 
,5 annular,egi«,260. ,n a preferred embod^nt, a non-har^enable Hurdic ma.er«l 270 
then pumped Wo me Werior region 230 causing me interior region to pressure. In 
mis marker, me interior region 230 of me expanded tubular member 210 •»« 
conta*. signfflcant amounts of me cured material 255. This also reduces 
the cost of me entire process. Alternatively, me material 256 may be used dunng m.s 

20 phase of the process. -^^sooftf 
AS illustrated ir. FIG. 5. in a preferred embodiment, the continued injection of 
the f,uid-.c materia. 270 pressurizes the region 230 and unfolds the Intenr^dlate porton 
215b of the Shoe 215. In a preferred embodiment, the outside diameter of the unfolded 
intermediate portion 21 5b of the shoe 21 5 is greater than the outside diarneter of the 
25 upperandlowerpor«ons.215aand215b.oftheshoe. ^ preferred embod.mem. ti.e 
inside and outside diameters of the unfdded intem^dlate portion 215b of the shoe 215 
are greater than the inside and outside diameters, respectlve^r. of the upper and lower 
portions. 2153 and 215b. of the shoe. In a preferred embodiment, the inside diameter 
of the unfolded intemiediate portion 215b of the shoe 215 Is substantially equal o or 
30 greater than the inside diameter of the preexisting casing 11 5 in order to optimally 
facilitate the fomiation of a mono^Jlameter wellbore casing. 

As illustrated in FIG. 6. in a preferred embodiment, the expansion cone 205 is 
then lowered into the unfolded intemiediate portion 215b of the shoe 215. In a 
preferred embodiment, the expansion cone 205 Is lowered Into the unfolded 
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interrtiediate portion 21 5b of the shoe 21 5 until the bottom of the expansion cone is 
.proximate the lower portion 215c of the shoe 215. In a prefened embodiment, during 
the lowering of the expansion cone 205 into the unfolded intemiediate portion 215b of 
ihe shoe 21 5. the material 255 within the annular region 260 and/or the bottom of the 
wellbore section 1 30 maintains the shoe 21 5 In a substantially stationary position. 

As illustrated In FIG. 7. in a preferred embodiment, the outside diameter of the 
expansion cone 205 is then increased. In a preferred embodiment, the outside 
diameter of the e^ansion cone 205 is increased as disclosed in U.S. patent nos. 
5.348.095. and/or 6.01 2.523. In a preferred embodiment, the outside diameter of the 
radially expanded expansion cone 205 is substantially equal to the inside diameter of 
the preexisting wellbore casing 1 15. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expanded. In this 
manner, the upper portion 210c of the shoe 210 may be radially expanded by the radial 
1 5 expansion of the expansion cone 205. 

In another alternative embodiment, the expansion cone 205 Is not radially 
expanded. 

As Illustrated in FIG. 8. in a preferred embodiment, a fluidic material 275 is then 
injected into the region 230 through the fluid passages 225a and 205a. In a preferred 
embodiment, once the interior region 230 becomes sufficiently pressurized, the upper 
portwn 215a of the shoe 215 and the tubular member 210 are preferably plastically 
deformed, radially expanded, and extruded off of the expansion cone 205. 
Furthemiore. in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting casing 1 15 that overiap with one another are simultaneously plastically 
defomied and radially expanded. In this manner, a mono^iameter wellbore casing 
may be fomied that Includes the preexisting wellbore casing 115 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansfon cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 Is raised at approximately the same rate as 
the tubular member 21 0 Is expanded in order to keep the tubular member 21 0 
stationary rela«ve to the new wellbore section 1 30. In this manner, an overiapping joW 
between the radially expanded tubular member 210 and the lower portion of the 
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preexisting casing 1 15 may be optimally fomied. In an alternative preferred 
embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a preferred embodiment, when the upper end portion 210d of the tubular 
member 210 and the lower portion of the preexisting casing 1 15 that overlap with one 
another are plastically deformed and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
and the radially expanded tubular member 210 preferably provides a gaseous and 
fluidic seal. In a particularly prefen-ed embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overlapping joint. In an alternative 
embodiment, the sealing members 245 are omitted. 

In a prefen-ed embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controllably ramped dovwi when the expansion cone 205 reaches the 
upper end portion 21 Od of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular member 210 off of the 
expansion cone 205 can be minimized. In a preferred embodiment, the operating 
pressure is reduced in a substantially linear fashion from 100% to about 10% during 
the end of the extrusion process beginning when the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wall thickness of the upper end portion 
21 Od of the tubular member is tapered In order to gradually reduce the required 
operating pressure for plastically defonning and radially expanding the upper end 
portion of the tubular member. In this manner, shock loading of the apparatus Is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided In the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commerdally 
available shock absorber, bumper sub, or jars adapted for use in wellbore operations. 
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; Alternatively, or In combination, an expansion cone catching structure is 
provided in the upper end portion 210d of the tubular member 21 0 in order to catch or 
at least decelerate the expansion cone 205. 

In a prefened embodiment, the apparatus 200 is adapted to minimize tensile. 

. . burst, and friction effects upon the tubularmember210during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
material composltfon of the tubular member 210 and expansion cone 205. the inner 
diameter of the tubular member 210. the wall thickness of the tubular member 21 0. the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 210. then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205, 

For typical tubular members 210. the extaision of the tubular member 21 0 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 34.47 to 620.53 bar (500 to 9.000 psi). 

During the extrusfon process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 1.624 metres/sec (Oto 5 ft/sec). In a preferred embodiment, during the extrusion 
process, the expansion cone 205 Is raised out of the expanded portion of the tubular 
member 210 at rates ranging from about 0 to 0.6096 metres/sec (0 to 2 ft/sec) in order 
to minimize the time required for the expansion process while also permitting easy 
control of the expansion process. 

As Illustrated in FIG. 9. once the extmsion pmcess is completed, the expansion 
cone 205 is removed from the wellbore 100. h a preferred embodiment, either before 
or after the removal of the expansion cone 205. the Integrity of the fluidic seal of the 
overlapping joint between the upper end portion 210d of the tubular member 210 and 
the lower end portion 115a of the preexisting wellbore casing 1 15 is tested using 
conventional methods. 

In a preferred embodiment, if the fluidic seal of the overiapping Joint behveen 
the upper end portion 210d of the tubular member 210 and the lower end portion 1 1 5a 
of the casing 1 1 5 Is satisfactory, then any uncured portion of the material 255 within the 
expanded tubular member 210 is then removed in a conventional manner such as for 
example, circulating the uncured material out of the Interior of the expanded tubular 
member210. The expansion cone 205 is then pulled out of the. wellbore section 130 



and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 210. In a preferred 
embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

5 As illustrated in FIG. 10. the bottom portion 215c of the shoe 215 may then be 

removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional drilling assembly. In a preferred embodiment, the inside diameter of the 
extended portion of the wellbore 100 is greater than the inside diameter of the radially 

10 expanded shoe 215. 

As illustrated in FIG. 11. the method of FIGS. 1-10 may be repeatedly 
performed in order to provide a mono^iameter wellbore casing that includes 
overiapping wellbore casings 115 and 210a-210e. The v^ellbore casing 1 15. and 210a- 
. 210e preferably include outer annular layers of fluidic sealing material. AllemaUvely. 
15 the outer annular layers of fluidic sealing material may be omitted. In this manner, a 
mono-diameter wellbore casing may be fomr^ed within the subterranean formation that 
extends for thousands of metres (tens of thousands of feet). More generally still, the 
teachings of FIGS. 1-1 1 may be used to forni a mono-diameter wellbore casing, a 
pipeline, a structural support, or a tunnel within a subterranean formation at any 
20 orientation from the vertical to the horizontal. 

Referring to FIGS. 12. 12a. 12b, 12c. and 12d. in an alternative embodiment, an 
apparatus 300 for forming a mono^Jiameter wellbore casing is positioned within the 
wellbore casing 115 that is substanUally identical in design and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 215. 
25 In a preferred embodiment, the shoe 305 includes an upper portion 305a. an 

intermediate portion 305b. and a lower portion 305c having a valveable fluid passage 
31 0 tiiat is preferably adapted to receive a plug. dart, or other similar element for 
controllably sealing the fluid passage 310. In this nranner. the fluid passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing elenients into the 

30 fluid passage 310. 

The upper and tower portions. 305a and 305c, of the shoe 305 are preferably 
substantially tubular, and the intemiediate portion 305b of the shoe includes 
corrugations 305ba-305bh. Furthemiore. in a preferred embodiment, when the 
intermediate portion 305b of the shoe 305 is radially expanded by the application of 
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R ::^^^ to the Interior 315 of «,e shoe 305, the Inside and outside d«mete™ „f 
, . «^,el^ expanded inte„,«diate portion are p,^e,^bly both grater than the inside 
■ , and «Jtslde dian«ters of the upper and lower portions. 305a and 305o. In this manner 
- : ..the outercrcmfenance of the intemnediate portion 305b of the shoe 305 is preferab^ 
5 ^S-eater than the outer drcun,fe,«noes of the upper and lower portions. 305a and 305e 
.01 the shoe. 

in a prefened embodiment, the shoe 305 further Includes one or mce through 

»«ls*outletportslnliuidiccommunlcationwithlhelluldpassage310 Inlhis 
. ; manner, «„ shoe 305 optimally Injects ha«ienable fluidic sealing matertal into the 
'0; region outside the shoe 305 and tubular member 210. 

In an allematlve embodiment, the flow passage 310 Is omitted 
In a preferred embodiment, as lllustraled In FIGS. 12 and 12d. during 
Placement Of the apparatus 300 within the wellbore 100. fluidic materials 250 within the 

of the apparatus wItNn the wellbore 100 are reduced, 

225,. T"™* « 1" "G. 13 and 13a, the fluid passage 

a?^T T ' '^^'^ ™'"^' "» P^P"" 

-"*<»loca.onintothefluldpaesage,225aand205a. The material 255 then 
» passes fro. the fluid passage 205a into the interior «g,on 315 of the shoe 305 be^ 

~ l^^^^^ region 315 

nir "^r" •'^•■'"^ '^apparatus 300and«ls the 

nnua,^,o„ 230 between the exterior of the tubular mender Jioandthelnteriorwa. 

5 211°"^°"''"^"'°™^'^- ^»*"«'P"n^'"9ofthematenal255 
5 causes the matenal to iill up at least a portion of me annular region 260 

The material 255 is preferably pumped into the annular region 260 at pressure 

ana ow«es ranging, for example, f^omaboutoto 344.736 barLoto5^1^2 
«^m.,0to5000psiand0.o 1.500gallo„s/min,,,espective^. .he optimum tto. 
2 and cperatng pressures vaiy as a function of the casii^ arx. 

'""'"'^ ^ P^ Of the ttuidic 

™^^ing pumped. opUmum .low «te and opeiating pressure are prete^b^ 
detemiined using conventional empirical methods. 

The hardenable liuidic sealing material ™.. k 
,v„-_ .1 ^ any number of conventional 

commercal, avai^t^e hardenable fluidic sealing material such as. f^exan* 
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mix. cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 
support for tubular member 210 while also maintaining optimum flow characteristics so 

5 as to minimize difficulties during the displacement of cement in the annular region 260. 
The optimum blend of the blended cement is preferably determined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufficient 

10 quantities to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the wellbore 100 vinll be filled with the material 
255. 

In an alternative embodiment, the injection of the material 255 Into the annular 
region 260 is omitted. 

15 As illustrated in FIGS. 1 4 and 14a, once the annular region 260 has been 

adequately filled with the material 255. a plug 265. or other similar device, is introduced 
into the fluid passage 310, thereby fluidicly isolating the interior region 315 from the 
annular region 260. In a preferred embodiment, a non-hardenaWe fluidic material 270 
is then pumped into the interior region 315 causing the interior region to pressurize. In 

20 this manner, the interior region 31 5 vinll not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
Alternatively, the material 255 may be used during this phase of the process. 

As illustrated in FIG. 15, in a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the corrugations 305ba- 

25 305bh of the intermediate portion 305b of the shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded intermediate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions, 305a and 305b, of 
the shoe. In a preferred embodiment, the inside and outside diameters of the unfolded 
intemnediate portion 305b of the shoe 305 are greater than the inside and outside 

30 diameters, respectively, of the upper and lower portions, 305a and 305b, of the shoe. 
In a prefenred embodiment, the Inside diameter of the unfolded intermediate portion 
305b of the shoe 305 Is substantially equal to or greater than the inside diameter of the 
preexisting casing 305 in order to optimize the formation of a mono-diameter wellbore 
casing. 
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, :. As Illustrated in FIG. 16. In a preferred embodiment, the expansion cor^e 205 Is 
• th^n lowered into the unfolded intermediate portton 305b of the shoe 305. In a 
preferred embodiment, the expansion cone 205 is lowered into the unfolded 
intermediate portion 305b of the shoe 305 until the bottom of the expansion cone is 
P«>x,matethelowerportion3p5coftheshoe305. In a preferred embodiment, during 
the lowenng of the expansion cone 205 Into the unfolded Intemiediate portion 305b of 
the shoe 305. the material 255 within the annular region 260 maintains the shoe 305 in 
a substantially stationary position. 

As illustrated in FIG. 17. in a preferred embodiment, the outside diameter of the 
expansion cone 205 is then increased. In a preferred embodiment, the outside 
d.ameter of the expansion cone 205 is increased as disclosed In U.S. patent nos 
5.348.095. and/or 6.012.523. In a preferred embodiment, the outside diameter of the 
radially expanded expansion cone 205 is substantially equal to the inside diameter of 
the preexisting weflbore casing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 305 prior to being radially expanded In this 

manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another alternative embodiment, the expansion cone 205 Is not radially 
expanded. ^ 

^ As illustrated in FIG. 18. in a preferred embodiment, a fluidic material 275 is 
then injected into the region 315 through the fluid passages 225a and 205a In a 
preferred embodiment, once the interior region 315 becomes sufficiently pressurized 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably ' 
Plastically defomied. rad^lly expanded, and extruded off of the expansion cone 205 
Furthermore. In a preferred embodiment, during the end of the radial expansion 
process, the upperportlon 210d of the tubular member and the lower portion of the 
preexisting casing 1 15 that overtap with another are simultaneous^ plasUcally 
deformed and radial^, expanded. In this manner, a moncHliameter wellbore casing 
may be formed that Includes the preexisting wellbore casing 1 1 5 and the radially 
expanded tubular member 210. 

During ihe extn,slon pro<«s. ih, expansion cone 205 may be raised out of it,e 

e^anded portion o„he,„b.<armen*er2,0.,naprel*,,e0 embodiment, during me 
ex.rus,o„ p™ce«, .be expansion ^ 205 . ra^ a. appro^mat.^ the same l as 
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the tubular member 210 is expanded in order to l<eep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an overlapping joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally formed. In an alternative preferred 
embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a prefen-ed embodiment, when the upper end portion 21 Od of the tubular 
member 210 and the lower portion of the preexisting casing 115 that overlap with one 
another are plastically defonned and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
and the radially expanded tubular member 210 preferably provides a gaseous and 
fluidic seal. In a particularly preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overlapping joint. In an alternative 
embodiment, the sealing members 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. Ir>this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular member 210 off of the 
expansion cone 205 can be minimized. In a preferred embodiment, the operating 
pressure is reduced in a substantially linear fashion from 100% to about 10% during 
the end of the extrusion process beginning when the expansion cone 205 Is within 
about 1 .524 metres (5 feet) from completion of the exlruston process. 

Alternatively, or in combination, the vrall thlcknisss of the upper end portion 
21 Od of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically deforming and radially expanding the upper end 
portion of the tubular member. In this manner, shock loading of the apparatus may be 
at least partially minimized. 

Alternatively, or in combination, a sho<* absorber is provided In the support 
member 225 in order to absorb the shodc caused by the sudden release of pressure. 
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•: .^Shpdc absorber r™, coniprtse. for exarrple, any conventional commer^aHy 
> - ■.. .available shcck absorber adapted for use m wellbore operaOons 

, ; . ..'^'^'ivly. orb combination, an expansion cone catching structure is 
V ■ rT-'"*" portion 210d Of th. tubular member 2,0 in order to cat* or 

5 at least decelerate tt» expansion eone 205, 

bu,^ '"/r"™" '""^ b adapted to minimize tensile 

b^. and hoton effects upc»„he tubular member 210 dunng the expanston p,oce« 

^*«»w«^<'ependupontl,egeometryoftbeexpansloncone205.,L 
™tenal con,^ „,„e tubular meml»r 210 and expansion cone 205. tbe inner 

1Tb '^''"'^'^"■''^"^"'^'^^--''^^'"^"'-^-^Brr.be 
Vpeoflubncant and theyield strength ofthe tubular member 210.. ngeneralt^e 

atenglhoflhetubularmember210.thentheaiBa!prih=™,„ . 

!o.Yin«i.«... .. , "^™9'®ater the operating pressures required 

'°«*«fe»»lubularmember210o(roftheexpansioncone205 

the J!"^ ™"'*'' ^-ber 2,0 offo, 

^srcn cone 205 wii, begm When the pressure o, the interior region 230 
neaches forexarrple. appn„imately 34.47 .0820.53 bar (500 to 9.000 psi) 

Dunng the extmsion process, the expansion cone 205 may be raised out of 
expanded pomon of the tubular member 2,0 Mr«.. . ° <"«» 
20 0toiwj.~, , „ ^"^'^'O^'ra^^ ranging, for example, from about 

Z^C^' ^""^' '"^'-'"—""--"'.-"^ngtheextn^ion 
^ ,T„rr" ^ Of expanded poiton o, the tubular 

2,0 e. rates ranging fmm abou. 0 to 0.6096 metres/sec <0 to 2 «,sec) In order 

n:7j:zrpr:""~— --'---r 

25 ,*^""^'«""™'S.onoe.heex,rusio„p«c»ssisoon,pleted.the 

rLirr:'^^'"""^^™'- '-~-bodi.e„.. 

.tilt " ""^ the i„.egr«y of the fluidic 

2,0 and the lower end portion 1,5a of , he preexisting wellbo™ casing „5 is tes^^ 
30 uamg conventional methods, "asing ns is tested 

In a prefened embodiment, if the fluidic seal of .h.-.. i . 



example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore section 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 210. In a preferred 
'5 embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As illustrated in FIG. 20. the bottom portion 305c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
10 conventional drilfing assembly. In a preferred embodiment, the inside diameter of the 
extended portion of the wellbore is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly performed in order to provide a 
mono-diameter wellbore casing that includes overiapping wellbore casings. The 
15 overiapping wellbore casing preferably include outer annular layers of fluidlc sealing 
material. Altematively. the outer annular layers of fluidic sealing material may be 
. omitted. In this manner, a mono-diameter wellbore casing may be fonned within the 
subterranean fomiation that extends for thousands of metres (tens of thousands of 
feet). More generally still, the teachings of FIGS. 12-20 may be used to fomn a mono- 
20 diameter wellbore casing, a pipeline, a structural support, or a tunnel within a 
subterranean formation at any orientation from the vertical to the horizontal. 

In several alternative embodiments, the apparatus 200 and 300 are used to 
form and/or repair wellbore casings, pipelines, and/or structural supports. 

In several alternative embodiments, the folded geometries of the shoes 215 and 
25 305 are provided in accordance vinth the teachings of U.S. Patent Nos. 5.425.559 
and/or 5.794,702. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated In 
the foregoing disclosure within the scope of the claims. 

30 
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a first tubular member, and 
J -ond »^ ^ ^ ^ ^ 



member; 
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cone, ^'"'"**»»'««'«yexpande<Jexpansion 
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The tubular structure of dalm 1 wherein 
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7. The tubular structure of claim 6. wherein the process further comprises: 
overlapping a portion of the radially expanded second tubular rhember with i 

portion of the first tubular member. 

5 

8. The tubular structure of daim 7. wherein the inside diameter of the radially 
expanded second tubular member is substantially equal to the inside diameter of 
nonoveriapping portion of the first tubular member. 

10 9. The tubular structure of daim 6. wherein the process further comprises: 
applying an axial force to the expansion cone. 

1 0. The tubular structure of daim 1 , wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of th< 
15 radially expanded second tubular member. 
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